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j e r a 1  absorp t ion  bands i n  in f r a red  s p e c t r a  has  been c a r r i e d  out  by a combination of 
A group of problems a r e  d iscussed .  I n  Inorganic  work the  i d e n t i f i c a t i o n  of min- 

spectrometry and coa l  petrography. The absorp t ion  bands of t he  whole coa l  t h a t  
a r e  found t o  decrease  s i g n i f i c a n t l y  wi th  the removal of mineral  matter a r e  e a s i l y  
i d e n t i f i e d  by t h i s  means. 

An important s a f e t y  problem i n  coa l  m i n e s  has been s u b s t a n t i a l l y  helped by 
inf ra red  ana lys i s  of minera ls .  The content of rock d u s t  found i n  the  f l o a t  dus t  
of r e t u r n  airways of coa l  mines is  important and p re fe rab ly  ,should be determined 
wi th  speed. The usua l  procedure is  t o  w a i t  f o r  d u s t  t o  s e t t l e  s u f f i c i e n t l y  t o  
c o l l e c t  100 mg of s a m p l e  f o r  chemical analyses.  By t h e  app l i ca t ion  of i n f r a red  
spectrometry t o  t h i s  problem it is  poss ib l e  t o  c a r r y  o u t  a complete ana lys i s  f o r  
rock d u s t  conten t  on a s  l i t t l e  as 2 mg sample. Greater speed is  achieved. 

In organic work, a t t enua ted  t o t a l  r e f l ec t ance  of shock-heated coa l  has  shown 
t h a t  cons iderable  in f r a red  f i n e  s t r u c t u r e  is developed r e l a t i v e  t o  the  o r i g i n a l  
coa l  (Spectra by Barnes Engineering Co.). The spec t ra .obta ined  a r e ,  however, not 
r ep resen ta t ive  of the whole coa l s .  More v o l a t i l e  po r t ions  of t he  coa l  a r e  found 
t o  leave the coa l  f i r s t  a s  expected and t o  c o l l e c t  f i r s t  on the  ATR prism. Be- 
cause of the very s l i g h t  o p t i c a l  pene t r a t ion  of t h e  sample by the  s p e c t r a l  beam 
the spectrometer s ees  only the  i n i t i a l  v o l a t i l e  p a r t s  of t h e  coa l .  This method 
is therefore  very good f o r  concent ra t ion  of and study of t he  v o l a t i l e  po r t ions  of 
t he  coal.  A p r i n c i p l e  use of ATR a t  t h e  Bureau has  been i n  the  study of spec t r a  
of sorba tes  added t o  coa l s .  

Inf ra red  s p e c t r a l  changes wi th  acid-base i n t e r a c t i o n s  ( cha rge - t r ans fe r  com- 
plexes) have been s tudied  by t h e  ATR method. With coa l  a s  the  ac id  (acceptor )  
and pyr id ine  as the  base (donor) t h e  same changes i n  t h e  py r id ine  spectrum are 
found as in  o the r  charge- t ransfer  complexations involv ing  py r id ine .  

INTRODUCTION 

The app l i ca t ion  of i n f r a red  spectrometry t o  chemical substances r ep resen t s  the 
These a p p l i c a t i o n s  a r e  ovewhelm- l a r g e s t  use i n  sc ience  of any s p e c t r a l  method. 

ing ly  i n  the f i e l d  of organic  chemistry.  But i n f r a red  spectrometry i s  a l s o  used  
f o r  ana lys i s  of inorganics .  I n  a d d i t i o n  t o  q u a l i t a t i v e  information i t  i s  poss ib le  
t o  ob ta in  q u a n t i t a t i v e  information a s  wel l .  A s  i n  organic  in f r a red  a s t r a i g h t  
l i n e  r e l a t i o n s h i p  usua l ly  e x i s t s  between the concent ra t ion  of  each component i n  
a mixture and the  s p e c t r a l  absorp t ion  of t h a t  component. This  paper w i l l  t r e a t  
a few app l i ca t ions  of i n f r a red  spectrometry t o  both organic  and inorganic prob- 
lems. In  most cases  o the r  a v a i l a b l e  s p e c t r a l  methods (mass spectrometry,  u l t r a -  
v i o l e t - v i s i b l e ,  nuc lear  magnetic resonance, e l e c t r o n  paramagnetic resonance) a r e  
used i n  conjunction wi th  i n f r a r e d ,  bu t  only i n f r a r e d  i s  d iscussed  here .  
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INORGANIC APPLICATIONS 

Inorganic  m a t e r i a l s  which posses s  an ions  of  oxygenated systems, namely, carbon. 
a t e s  , c h l o r a t e s ,  s u l f a t e s ,  s i l icates,  e t c . ,  u sua l ly  possess  i n  t h e i r  in f ra red  
spec t r a  d i s t i n c t ,  i n t ense  s p e c t r a l  bands. Such subs tances  a r e  amenable t o  ana l -  
y s i s  by i n f r a red  spectroscopy. One d i s t i n c t  d i f f e rence  between organic  and i n -  
organic substances is t h a t  i no rgan ic s  have fewer spectral absorp t ion  bands than 
organics .  With fewer bands t o  work wi th ,  ana lyses  of complex mixtures a r e  l i m i t e d  
This  i s  one major reason why i n f r a r e d  ana lyses  of inorganics  have not been a s  
popular a s  ana lyses  of  organics .  
cause of the  l a r g e  number of atoms involved, and because many of t hese  atoms are 
usua l ly  hydrogens which a r e  r e spons ib l e  f o r  many of t h e  in tense  bands i n  the 
spec t r a  of organic  compounds. When hydrogens a r e  p re sen t  i n  inorganic  compounds, 
t hese  too  show a g r e a t e r  profus ion  of  s p e c t r a l  bands; t h e  b icarbonates  a r e  an  
example. 

It is i n t e r e s t i n g  t o  n o t e  t h a t  one of t h e  e a r l i e s t  and bes  
r e d ,  w r i t t e n  by German s p e c t r o s c o p i s t s  Schaef fer  and M a t o s s s t  36 years  ago, d i s -  
cussed t h e  inorganic  a p p l i c a t i o n s  a t  l e n g t h ,  almost t o  t h e  exc lus ion  of organic 
a p p l i c a t i o n s ,  It was soon a f t e r  t h i s  per iod  t h a t  the  g r e a t e r  a p p l i c a b i l i t y  t o  
organic  s t r u c t u r e s  aroused so much a c t i v i t y  t h a t  i t  p r a c t i c a l l y  swept as ide  t h e  
inorganic  a p p l i c a t i o n s  of  i n f r a red .  A cons iderable  impetus was given t o  inf ra red  
ana lys i s  of inorganics  by M i l l e r  and Wilkins of Mellon n s t i t u t e  i n  t h e i r  publ i -  
c a t i o n  o f  a c a t a l o g  of  s p e c t r a  o f  inorganic  c 2 f  and by Hunt e t  a l .  i n  a 

i t  d i d  no t  produce any g r e a t  a c t i v i t y  i n  inorganic  a n a l y s i s  u n t i l  recent  years--  
more than a decade a f t e r  p u b l i c a t i o n .  A r e c u r r i n g  d i f f i c u l t y  wi th  inorganics is 
t h a t  spec t r a  of unknowns o f t e n  d i f f e r  s i g n i f i c a n t l y  from the  spec t r a  of standards.  
This  i s  a d i s t u r b i n g  occurrence and makes d i f f i c u l t  t h e  assignment of spec t ra  t o  

(1) In f ra red  s p e c t r a  o f t e n  d i f f e r  f o r  d i f f e r e n t  c r y s t a l  s t r u c t u r e s  of a substance- 
This i s  a f a c t o r  i n  d e a l i n g  wi th  pure subs tances ,  and is an even b igger  f a c t o r  i n  
the  presence of impur i t i e s  and i n  mixed s a l t s .  Epitaxy can produce d i f f e r i n g  
c r y s t a l  s t r u c t u r e s  and i n f r a r e d  s p e c t r a .  
e f f e c t  on the  spectrum of an  inorganic  substance.  
known i n  t h e  case  of organic  materials s t u d i e s  i n  s i t u  on c a t a l y s t s .  
t i o n  may occur between t h e  minute c r y s t a l s  of t h e  sample and the  KBr, o r  o ther  
h a l i d e ,  used f o r  i n f r a red  p e l l e t i n g .  

Organic molecules produce profuse  spec t r a  be- 

t e x t  books on i n f r i  

pub l i ca t ion  of i n f r a r e d  s p e c t r a  of  mine ra l s -  3ypounds  This impetus '- w a s  needed, although 

s n s c l f i c  str-ctnres. A list =f  pGsSib1e ------- . s a y v L a a  foi spectral differences foiiows: -. - 

(2) Subs t r a t e s  can have a tremendous 

(3) Reac- 
Large s p e c t r a l  changes a r e  well  

I n  Bureau of Mines work i n f r a r e d  app l i ca t ions  i n  inorganics  occurred i n  connec- 
t i o n  with:  
due t o  e t h e r s  i n  bituminous co 1 s p e c t r a  were repor ted  i n  1956 t o  be due t o  min- 
e r a l s ,  p r i n c i p a l l y  kaol in i te ;&? (2)  s p e c t r a  of o i l  s h a l e s  and o the r  carbona- 
ceous shale produced l i t t l e  in format ion;  (3)  b r i e f  i nves t iga t ions  of a lka l i zed  
alumina i n  1963 gave l i m i t e d  information: the  presence of sodium aluminate w a s  
i nd ica t ed ,  which s u b s t a n t i a t e d  t h e  X-ray i n d i c a t i o n s  of t h i s  group; t he  presence 
of  s u l f a t e s  (not d e f i n i t e l y  a s s ignab le )  on a l k a l i z e d  alumina exposed t o  s u l f u r  
ox ides  h a s  been shown; (4) formation of inorganic carbonates i n  the  pyro lys i s  Of  

l i g n i t e s  and of pea t  a t  400° C w a s  shown; (5) r ecen t  examination of probe samples 
obtained in  combustion experiments showed i d e n t i f i a b l e  s u l f a t e s .  Fur ther  work 
on (1) will be descr ibed .  

(1) Our e a r l y  work on  coa l  spectra; unassigned bands thought t o  b e  

1. I d e n t i f i c a t i o n  of Mineral  Absorption Bands i n  Coal Spec t ra  

4 
The discovery  of the c o r r e c t  assignment of c e r t a i n  absorp t ion  bands t o  mineral*' 

came about through the  obse rva t ion  i n  1953 t h a t  t h e  s p e c t r a  of coa l s  and t h e i r  
pe t rographic  components d i f f e r e d  cons iderably .  As i n  o the r  l a b o r a t o r i e s  OUT SuS- 

p ic ions  were t h a t  t hese  d i f f e r e n c e s  were a t t r i b u t a b l e  t o  d i f f e r e n c e s  i n  organic 
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s t r u c t u r e  between the  coa l  and its pe t rog raph ic  c o n s t i t u e n t s .  
pa ren t  t h a t  t h i s  could not be. 
v i t r a i n .  With only a few pe rcen t  pf t h e  c o n s t i t u e n t s  removed from t h e  major com- 
ponent,  v i t r a i n ,  i t  w a s  n o t  f e a s i b l e  t h a t  t h e r e  should be d i f f e r e n c e s  i n  organic  
s t r u c t u r e  between coa l  and v i t r a i n  s p e c t r a  as g r e a t  a s  5-fold i n  t h e  i n t e n s i t i e s  
of some absorpt ion bands. It even tua l ly  became ev iden t  t h a t  t h e  c o n s t i t u e n t s  
which were changed many fo ld  i n  t h e  i s o l a t i o n  of v i t r a i n  were the  mineral  com- 
ponents.  On comparison of t hese  anomalous abso rp t ion  bands w i t h  t h e  spec t r a  of 
t h e  few minerals  a v a i l a b l  a t  t h a t  t ime, it w a s  found t h a t  most of t h e  bands were 
a s s ignab le  t o  k a o l i n i t e  .A7 Thus these  informative comparisons of s p e c t r a  repre-  
sented a very u s e f u l  combination o f  s p e c t r a l  and petrographic  methods. 

wavenumber re  ion.5,6,7/ 
below 650 cm-f i n  t h e  i n f r a r e d  (R. C. Lord has  named t h i s  region t h e  "middle 
infrared")  it became p o s s i b l e  t o  extend t h e  s tudy  of mineral  abso rp t ion  bands 
through the combination of s p e c t r a l  and pe t rog raph ic  techniques.  By a comparison 
of P i t t sbu rgh  coal  and v i t r a i n  s p e c t r a  t h e  fol lowing bands due t o  mine ra l s ,  p r in -  
c i p a l l y  k a o l i n i t e ,  have been observed i n  t h e  middle in f r a red :  698,  5 4 3 ,  4 7 1 ,  and 
420 cm-1. Both bands a r e  
a t t r i b u t a b l e  t o  k a o l i n i t e .  A s  discussed above some of t h e  i n t e n s i t y  d i f f e rences  
are extremely l a r g e  and cannot poss ib ly  be a t t r i b u t e d  t o  d i f f e r e n c e s  i n  organic 
s t r u c t u r e .  For example, t h e  s t rong  band a t  543 wave numbers i n  t h e  coa l  is 10  
t imes as g r e a t  a s  t he  corresponding abso rp t ion  i n t e n s i t y  i n  t h e  v i t r a i n  spectrum. 
Such r a d i c a l  d i f f e r e n c e s  can only be a t t r i b u t e d  t o  mineral  absorpt ion.  Inten-  
si t ies of these abso rp t ion  bands can be a c c u r a t e l y  ca l cu la t ed  and used f o r  quant i -  
t a t i v e  determinat ions of  minerals  p re sen t .  

But i t  became ap- 
A coa l  such a s  P i t t sbu rgh  seam is very l a r g e l y  

Our published i n v e s t i g a t i o n s  on t h i s  s u b j e c t  were l i m i t e d  t o  the  5,000 - 650 
With t h e  advent of inst ruments  f o r  adequate operat ion 

The s t r o n g e s t  of  these bands a r e  those a t  543 and 471. 

Graphite has  been examined i n  th i s  region of t h e  spectrum. Though s t rong  ab- 

Addit ional  runs ou t  t o  100 cm-1 have been made by Dr. W i l l i a m  
so rp t ion  fo r  g raph i t e  w a s  de t ec t ed  ou t  t o  290 wave numbers no d i s c r e t e  absorpt ion 
bands were found. 
Fa te l ey ,  Mellon I n s t i t u t e ,  and no s p e c i f i c  abso rp t ion  bands occur.  

2 .  Rock Dust i n  F l o a t  Dust 

Infrared spectrometry has  r e c e n t l y  been app l i ed  t o  a n a l y s i s  of rock  dus t  i n  
f l o a t  dus t s  from r e t u r n  airways o f  coa l  mines. Sample c o l l e c t i o n  f o r  the pirpose 
of analyzing by wet chemical methods is  a d i f f i c u l t  problem usua l ly  because a 
considerable  amount of  d u s t ,  about 100 mg, must be co l l ec t ed .  This  r e q u i r e s  more 
time than d e s i r a b l e ;  t h e  element of  s a f e t y  i s  the re fo re  involved. With the  use 
of i n f r a red  spectrometry i n  such a problem only very small  samples need be co l -  
l ec t ed .  Two mg a r e  ample and c o l l e c t i o n  is rapid.  

The dus t  samples c o l l e c t e d  i n  t h e  mine, mixtures  of coa l  and rock d u s t ,  a r e  
prepared fo r  i n f r a red  i n v e s t i g a t i o n  by mixing 1 p a r t  o f  dus t  with 100 p a r t s  of , 

potassium bromide which is p e l l e t t e d  by a s tandard technique. The in f r a red  spec- 
trum of t h e  p e l l e t  is obtained. Advantageous abso rp t ion  band o r  bands a r e  chosen 
f o r  a n a l y t i c a l  work. For q u a n t i t a t i v e  a n a l y s i s  it i s  necessary t o  check t h e  l i n -  
e a r i t y  of t he  concentrat ion versus  s p e c t r a l  abso rp t ion  by preparing s tandard 
samples a t  va r ious  concen t r a t ions  and measuring t h e i r  abso rp t ion  i n t e n s i t i e s  a t  
t h e  appropriate  abso rp t ion  bands. A f t e r  t h e  l i n e a r i t y  of  t h e  c a l i b r a t i o n  curve 
i s  e s t a b l i s h e d ,  then unknown samples can be  prepared i n  KBr p e l l e t s  and t h e i r  
s p e c t r a  obtained. 
app l i ed  t o  t h e  c a l i b r a t i o n  curve and t h e  concen t r a t ion  of t h e  d e s i r e d  component 
i n  the  dus t  is  obtained. 

I n t e n s i t y  of abso rp t ion  a t  appropr i a t e  bands may then  be 
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The rock d u s t s  d e a l t  w i th  i n  t h i s  i n v e s t i g a t i o n  were e i t h e r  c a l c i t e  (CaCO,) or 
dolomite,  CaMg(CO,),; c a l i b r a t i o n  curves were obtained f o r  each of t he  rock dus ts  
p lus  coa l .  Though t h e  rocks involved a r e  both carbonates  t h e i r  absorp t ion  spec t ra  
d i f f e r  s l i g h t l y .  Th i s  is a n  advantage,  as each may be determined i n  the  presence 
of the  o ther  i f  necessary .  Coal a l s o  has a n  abso rp t ion  spectrum and accordingly 
the coa l  dus t  c o l l e c t e d  i n  t h e  mine w i l l  produce i n t e r f e r i n g  absorp t ion  which must 
be cor rec ted  fo r .  Th i s  i s  most simply done by choosing the  c a l i b r a t i o n  band fo r  
t he  carbonates i f  p o s s i b l e  i n  reg ions  of broad, non-spec i f ic  absorp t ion  of the 
coa l .  Then from t h e  spectrum of the  mixture  of coa l  and rock dus t  t h e  absorption 
band o f  the rock d u s t  w i l l  be superimposed on t h e  broad background of t he  coal 
absorp t ion .  By drawing a base l ine  ac ross  t h e  base of t he  ab o rp t ion  band i t  is 
p o s s i b l e  t o  c o r r e c t  ou t  t he  non-spec i f ic  coa l  absorption.=r The i n t e n s i t y  of 
the  rock dus t  abso rp t ion  then  is  measured from t h i s  base l i n e  t o  the peak of t he  
abso rp t ion  band. I n  t h i s  way c a l i b r a t i o n  curves were obtained. 

For both c a l c i t e  and dolomite two abso rp t ion  bands were obtained f o r  poss ib le  
ana lys i s .  A l l  four  bands provided acceptab le  r e s u l t s ,  about 2 10 percent  of t he  
amount p re sen t ,  i n  t h e  des i r ed  range of about 2 0  t o  80 percent  rock d u s t .  Results 
i n d i c a t e  t h a t  t h e r e  is no preference  between t h e  two abso rp t ion  bands s tudied  f o r  
each d u s t .  One o t h e r  carbonate band, a t  about 7.0 microns,  is a v a i l a b l e  f o r  ana l -  
y s i s .  With i t s  g r e a t e r  i n t e n s i t y  t h i s  band would be u s e f u l  f o r  a n a l y s i s  of t r aces  
of rock dus t  i n  coa l  d u s t .  In  t h e  p re sen t  problem a n a l y s i s  of  t r a c e s  is  not re- 
qui red  so the  less i n t e n s e ,  sharp bands used a r e  p re fe r r ed .  It should be men- 
t ioned t h a t  on ly  t h r e e  carbonate bands are a v a i l a b l e  f o r  a n a l y s i s ;  as s t a t e d  
e a r l i e r ,  organic m a t e r i a l s  u sua l ly  have many bands t h a t  can be used. I f  d i f f e r -  
e n t i a t i o n  between carbonates  is  r equ i r ed ,  then  two bands only a r e  a v a i l a b l e ,  f o r  
t he  s t ronges t  band a t  7 .0  microns i s  e s s e n t i a l l y  i d e n t i c a l  i n  var ious  carbonates.=/ 

C R W T I C  A??LICITIC?X!S 

1. At tenuated  To ta l  Ref lec tance  Spec t ra .  Shock-Carbonized 
Coals; Sorba tes  on Coal 

Recent i n v e s t i g a t i o n s  on a tenuated  t o t a l  r e f l e c t a n c e  (ATR) of coa l  were car- 
r i e d  out  by Bent and L a d n e r d  Their r e s u l t s  demonstrated the  d i f f i c u l t i e s  of 
u t i l i z i n g  t h i s  technique  on coa l s .  Very c l o s e  o p t i c a l  con tac t  i s  d i f f i c u l t  t o  
ach ieve  with t h e  s u r f a c e  p l a t e a u s  produced by conventional gr inding  and pol i sh-  
ing of coal.  These au tho r s  demonstrated t h a t  t h e  method was more app l i cab le  t o  
the  s p e c t r a l  i n v e s t i g a t i o n  of chloroform e x t r a c t s  of  shock-carbonized coa ls .  

Vo la t i l e  products  from shock-carbonizing of c o a l s  can be condensed d i r e c t l y  on 
the  ATR o p t i c a l  element t o  produce good spec t r a .  
b e  somewhat mis leading;  on shock carboniz ing ,  t he  more v o l a t i l e  products and 
the re fo re  the  lower molecular weight p roduc t s ,  would be expected t o  reach t h e  ATR 
prism f i r s t .  Because of t h e  s l i g h t  o p t i c a l  p e n e t r a t i o n  of t h e  sample by the  
in f r a red  beam i n  t h e  ATR technique ,  i t  is  probable  t h a t  only these  most v o l a t i l e  
products would be observed i n  the  spectrum. 
f o r  t h e  concent ra t ion  of and study of t h e  v o l a t i l e  p o r t i o n s  of t he  coa l .  

However, t h i s  technique might 

The method is  the re fo re  very good 

Spec t ra  of t h e  v o l a t i l e  products from four  shock-carbonized v i t r a i n s  were in-  
ves t iga t ed  by Barnes Engineering Company wi th  a n  ATR c r y s t a l  of thallium-bromide- 
iod ide  which provides  20 r e f l e c t i o n s  w i t h i n  the  c r y s t a l .  The v i t r a i n s  were shock- 
carbonized a t  900" C; t he  v o l a t i l i z e d  m a t e r i a l  was co l l ec t ed  on the ATR c r y s t a l  
and spec t r a  were determined. 
duc t s  from t h r e e  coa l  v i t r a i n s  were observed i n  comparison wi th  the spec t r a  of 
t he  o r i g i n a l  coa l  v i t r a i n s ;  g r e a t e r  f i n e  s t r u c t u r e  and new bands were produced. 
The four th  sample, sbock-carbonized Beulah l i g n i t e  v i t r a i n  showed no s p e c t r a l  
changes o the r  than q u a n t i t a t i v e  changes. 

Appreciable d i f f e r e n c e s  i n  the  spec t r a  of the pro- 

The s p e c t r a l  changes f o r  t he  th ree  coa l  
I 
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v i t r a i n s  a r e  ind ica ted  i n  Table 1. 
The double t  a t  1625-1600 i n  the  spec t r a  of shock-carbonized products may s i g n i f y  
t h a t  t h e  1610 cm-1 band i n  coa l  i s  a c t u a l l y  a t t r i b u t a b l e  t o  two d i f f e r e n t  chemical 
spec ie s ,  a s  suggested by FUjii21 
The o r i g i n  of these  bands is not  known; the  h igh  temperature used undoubtedly pro- 
duced considerable r eac t ion .  

The formation of two double ts  is  i n t e r e s t i n g .  
' 

The double t  a t  1440-1400 cm-l i s  s u r p r i s i n g .  
, 

Table 1.- In f r a red  s p e c t r a l  d i f f e rences  between ATR spec t r a  of t h r e e  coa l  
1 v i t r a i n s  and t h e  corresponding shock-carbonized products.  

I 
Vi t ra in ,  coa l  seam In f ra red  frequency, cm-1 

1 
t Pi t t sbu rgh  (hvab) 1610 1450 - 

Pi t t sbu rgh ,  shock-carbonized 1 6 2 5 - 1 5 9 d  1440-14U2~/ 1250 1093 

Pocahontas ( lvb)  1610 1450 
, Pocahontas, shock-carbonized 1 6 2 7 - 1 6 0 d  1443-14OOd 1250 1093 

Dorrance a n t h r a c i t e  
Dorrance, shock-carbonized 

1610 1450 - 
1625-1595G/ 1440-139g' 1250 1093 

- a/  Doublets 

I n t e r e s t  i n  a t tenuated  t o t a l  r e f l ec t ance  a t  t h e  Bureau of Mines has  been pr in-  
c i p a l l y  d i r ec t ed  towards t h e  study of so rba te s  on coa ls .  Good s p e c t r a  can be ob- 
t a ined  when good o p t i c a l  contac t  i s  achieved. The i n t e r a c t i o n  between so rba te  and 
the  s u b s t r a t e  coal can be followed n i c e l y  by p l ac ing  upon t h e  ATR prism a s l u r r y  
of coa l  and sorba te .  Then the  spectrum is  scanned repea ted ly  as t h e  so rba te  i s  
allowed t o  evaporate.  
used t o  increase  the  v o l a t i l i t y .  

I f  t h e  so rba te  i s  of low v o l a t i l i t y  a hea t  lamp can be 

S i g n i f i c a n t  s p e c t r a l  changes have been observed f o r  py r id ine  on coa l . ( s ee  below.) 
Whether o r  not changes i n  the  spectrum of the  coa l  have occurred has  not  been as- 
cer ta ined  because o f  t he  broadness of t he  coa l  bands and t h e  in t e r f e rence  of the  
in t ense ,  sharp,  pyr id ine  bands. Observations have a l s o  been made on benzene-coal 
and methanol-coal systems. No s i g n i f i c a n t  s p e c t r a l  changes have been seen f o r  
e i t h e r  the sorba te  o r  the  coa l .  Spec t ra  of t hese  systems can a l s o  be obtained by 
ord inary  transmission s p e c t r a l  methods, but t he  ATR method provides b e t t e r  spec t r a ,  
p a r t i c u l a r l y  f o r  t h e  sorba te .  

2 .  Charge-Transfer Complexes 

Charge-transfer complexes represent  one type o f  weak acid-base i n t e r a c t i o n s .  

Red i s t r ibu t ion  of e l e c t r o n  charge occurs so that 
1 The complexes a r e  formed between e l ec t ron - r i ch  (donor) molecules and e l e c t r o n -  

poor (acceptor )  molecules .E/ 
the  p rope r t i e s  of t h e  two moie t i e s  a r e  changed; however, d e f i n i t e  chemical r eac t ion  
does not occur and the  o r i g i n a l  mo ie t i e s  a r e  nea r ly  always recoverable  by simple 
processes  such as d i s s o l u t i o n ,  or d i s t i l l a t i o n , p l u s  some method of s epa ra t ion .  
One of the  changes experienced by both donor and acceptor  molecules i n  a complex 
is  a change in  bond l eng ths ,  which produces changes i n  t h e  v i b r a t i o n  spec t r a ;  
thus in f r a red  spec t r a  can ind ica t e  the  formation of such complexes. 
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Observations of t h e  i n f r a r e d  s p e c t r a  of coa l -pyr id ine  systems have led  t o  t he  
b e l i e f  t h a t  charge-complex formation occurs between py r id ine  (donor) and coa l  
(acceptor ) .  Examination of  t h e  pyr id ine-coa l  system by t h e  ATR method (described 

' above) provided i n t e r e e t i n g  s p e c t r a l  changes as py r id ine  is a l l cued  t o  evaporate. 
I The p r i n c i p a l  s p e c t r a l  characteristics of t h e  coa l -pyr id ine  system a r e  those of , ' As evaporation of t he  

- 

pyr id ine  i t s e l f  w i t h  a background due t o  the coa l  e x t r a c t .  
pyr id ine  progresses  a new band shoulder is formed a t  abou t  1000 cm-1 and the 
neighboring band of py r id ine  a t  990 c m - l  begins t o  d isappear .  
t i n u e s  the p y r i d i n e  band cont inues  to  decrease  and f i n a l l y  d isappears ;  meanwhile 
the  new coa l -py r id ine  band cont inues  t o  s h i f t  s l i g h t l y .  The f i n a l  l oca t ion  of 
the  band i s  1020 cm-1; a t  t h i s  po in t  a l l  t h e  remaining py r id ine  molecules a r e  
appa ren t ly  complexed wi th  the  coa l  e x t r a c t .  The i n t e r a c t i o n s  involved i n  t h i s  
process  a r e  of i n t e r e s t .  The r e s u l t s  appa ren t ly  a r e  i n d i c a t i v e  of t h e  formation 
of  a cha rge - t r ans fe r  molecular  complex, as pyr id ine  does indeed behave i n  t h i s  
manner i n  he format ion  of cha rge - t r ans fe r  complexes w i t h  many e l e c t r o n  ac- 
c e p t o r s . s j  W e  have demonstrated t h a t  these same s p e c t r a l  changes occur a s  
phenol is added t o  py r id ine .  It is  l o g i c a l  t o  be l i eve  t h a t  t h e  complexing of coa l  
and pyr id ine  invo lves  the  pheno l i c  s t r u c t u r e s  i n  t h e  c o a l .  

A s  evaporation con- 
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